12 United States Patent

US007240734B2

(10) Patent No.: US 7.240,734 B2

Nivens et al. 45) Date of Patent: Jul. 10, 2007
(54) SYSTEM AND METHOD FOR FAIL-SAFE 3,827,468 A 8/1974 Markham
DISCONNECT FROM A SUBSEA WELL 3,850,237 A 11/1974 Ahlstone et al.
(75) 1 t Harold W. Ni R Bav. TX 3,870,101 A 3/1975 Helmus
nventors: Haro . Nivens, Runaway Bay,
(US); Curtis E. Wendler, Carrollton, 3,907,647 A 71976 Yom_lg
TX (US) 4,116,272 A 9/1978 Barrington
4,216,834 A 8/1980 Wardlaw
(73) Assignee: Halliburton Energy Services, Inc., 4,253,525 A 3/1981 Young
Houston, TX (US) 4310,048 A 1/1982 Mott
( *) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 137 days. (Continued)
(21) Appl. No.: 11/042,438 FOREIGN PATENT DOCUMENTS
(22) Filed: Jan. 25, 2005 GB 2 369 839 A 6/2002
(65) Prior Publication Data
US 2005/0126789 Al Jun. 16, 2005 OTHER PURI ICATIONS
Related U.5. Application Data EPO Communication (1 page) and Partial European Search Report
(62) Division of application No. 10/189,889, filed on Jul. (3 pages) regarding EPO Reference No. PAC/21804 EP, Application
3. 2002. No. 03254199.7-1266, dated Jan. 28, 2005.
(51) Int. CL (Continued)
L21B 29712 (2006.01) Primary Examiner—Thomas A Beach
(52) US.CL ...l 166/339; 166/352; 166/364 (74) Attorney, Agent, or Firm—Joshua A. Griswold
(58) Field of Classification Search ................ 166/348,
166/339, 352,351, 339, 363, 364, 357, 336, (57) ABSTRACT
166/365
See application file for complete search history.
(56) References Cited A system and method for controllably separating a conduut

U.S. PATENT DOCUMENTS

2,274,093 A 2/1942 Ragland et al.
3,179,179 A 4/1965 Kofahl
3,219,117 A 11/1965 Johnstone et al.
3,299,954 A 1/1967 Williams et al.
3.321,217 A 5/1967 Ahlstone
3,457,991 A 7/1969 Sizer et al.
RE27,464 E 8/1972 Taylor, Ir.
3,797,573 A 3/1974 Crowe

]

S00 ™

CHIE

into an upper portion and a lower portion. The system
includes a first valve 1n the upper portion of the conduit
above a point of separation, and a second valve 1n the lower
portion of the conduit below the point of separation. When
the conduait 1s separated, the valves are actuated to cease flow
therethrough and prevent loss of fluids into the seawater. A
hang-ofl tool in the lower portion of the conduit engages the
well and supports the lower portion of the conduit.

24 Claims, 10 Drawing Sheets

40014

600

00

BOG

200




US 7,240,734 B2

Page 2
U.S. PATENT DOCUMENTS 6,055,213 A * 4/2000 Rubbo et al. ................. 367/82
6,070,668 A 6/2000 Parks et al.

4,320,804 A 3/1982 Brooks 6,182,762 Bl 2/2001 Harris
4,372,392 A 2/1983  Barrington et al. 6,354,379 B2 3/2002 Miszewski et al.
4,448,216 A 5/1984 Speegle et al. 6,648,073 B1  11/2003 Jernigan et al.
4,494,609 A 1/1985 Schwendemann
4,636,934 A 1/1987 Schwendemann et al.

S OTHER PUBLICATTONS
4,844,166 A 7/1989 Going, III et al.
4,880,060 A 11/1989 Schwendemann et al. EPO Communication (1 page) and European Search Report (4
5,086,843 A 2/1992 Mims et al. pages) regarding EPO Reference No. PAC/21804 EP, Application
5,172,717 A * 12/1992 Boyle et al. ................ 137/155 No. 03254199.7, dated Jul. 19, 2005.
5,179,973 A 1/1993 Dickson et al.
5343963 A * 9/1994 Bouldin et al. ............... 175/27 * cited by examiner



US 7,240,734 B2

Sheet 1 of 10

Jul. 10, 2007

U.S. Patent

7 \/
S

&

SIXXIXX
XA

N

/

NANNIAAN/

-

/

N

DX
Sl

- |
' )
|
'
! <
" ! A
'
o~ )i > .
e— ,
| A O
' ~
| SA [z,
. S
NN
\/N\ 7
NN
K x
ANVAN <+ 5
I NAY i %
NN, N/
P Pl . /
,V\A/A\\/w o\ <+ O A N
I M M O 5 ,,W,AJ/\\“
o0 ey 2 N — \\/\
T 3 R ccdn il R
/ N R N NN
A AN S WA S S A .CAVAVAE. C WA A WA SR VAN AW ESEEwAN: VA
! —

odododenk L Ll L ALl L Lk L L L L L L L L L LV L el L S

-
IR
R

L RV NTINFS NN NSNS N ITNT PN INT NS F ' INS NI NI\ b
R RTRIR A R

v ',

7 _ N

oY I
'/ /

KK ™ S

R K

XY N

R &

AN AN

% N

KK K

N N

R

AN

N

K«

XY

¢

\.,ﬂ/\.

K

A



US 7,240,734 B2

|
.
:
_
|

o A g
1/, — R

! 7, *
% s
_ R [z,

A NN

Z ammeen QN
N[ ———— N )
Va N & >
= X, i A
N , L/ &
N | \.“Y\/\\ 4 y ,/,,v“v _
— — /J\/// S © KK
- L R = ™ LR
S 7 S | I 2 R NI W
NIANNF N | "\ V/\%\/\/\\ GG RN .__.\{\..\.\,\/ ﬁ/\V/.\o..\
a ml— E\“ SIANAGAN __A,y? 7\ \/ﬁn\.f//._ﬂ/ WANN m_..////u“.\///h/ﬁ/\f/ya///x// ///.__.J
= — vA VA vA VA VA vA x VAVA v‘ Va L2 2 7272 2222717 72 772702 AR7 T ANT TN 77T T
¥ g —— e
B (/%0600 000001~ =
DD —
A |TAVAN - — —
S o ) RRRRRR R R R R
= S LR R
2 \ A " B
» Z K K
- =~ . _ A ,...W\/M
= % , S
N R
= Va VAN A%
— - E—— “\K\\s ,

z— ANANA

SN RO

N\

A

/

U.S. Patent



12

/10

US 7,240,734 B2

N

|

NNANNIAANAT

x.
X

!

%
X

Sheet 3 of 10

AT IV
SRR

DDDIXIKXIXIX

-8

5

e O I

WAV A EVEYEIEENINEE RSN EE SN e,

. il F "

il
—— e . = - -

I
1
AVA_ NI YA A,

«Aﬂ\aﬂmﬂxﬁ RERLRIR

pl»
T foT

7
PR

NIANNAANI

Jul. 10, 2007

7

U.S. Patent

V\:fi ‘fi“_fl.\ufi. N ~
AN W

\“\K .
“ /
>



10
J/
12

US 7,240,734 B2

===
__________

N

Y|
7
V/M
)
m 2 .ﬁ ) , N A
~ alalal, SIUINSRO N | AN
W vV v, v‘ Vi V‘VA vA - M I ‘ ‘k““‘.‘b‘.ﬂl\.'\WWV\W(W“M%WM“““V‘\WI\MW “‘RWI
=
ApXIXIX VAVAKKVA. Wlii:ii‘ﬂmwillii.li!,l : =777
S m m - k_ At 3 \MW\W/A\%@/\ ” %\W\
= AN m R WN\\M
= A " R
- % m w R
c 3 . ¥
= 7 <

L N B u B N N N N B N N ¥ N N 3 N 3 N N N |

m='

U.S. Patent



U.S. Patent Jul. 10, 2007 Sheet 5 of 10 US 7,240,734 B2

|
]

L

400A

I|!|'

-—mi AN
| —

' LI
500 I ;l ?i / 300
A :'

:f" g |
i
i

L1 (il
3\
. 300
450
(OPTIONAL)

L
—

B
I



U.S. Patent

000

450
(OPTIONAL)

Jul. 10, 2007

|||L=-i

Sheet 6 of 10

T

B l

US 7,240,734 B2

4008



US 7,240,734 B2

Sheet 7 of 10

Jul. 10, 2007

U.S. Patent

WO (-
™N - — N

N o0
Te) ) -

4
= N
e O Yo'

/\\ln\\kw\\\\\ F?ﬁﬂﬂul-" "ﬂll!l..ﬂﬂ?i PO sﬁhﬂhﬁ“«% nmmmﬂﬂm.

y v ..11«\

Il|__=..ﬂ|.b AT

U I A

-~/

m.l...-.
._Is

FIG. 5
200



US 7,240,734 B2

Sheet 8 of 10

Jul. 10, 2007

U.S. Patent

s 600

s @) < <1 00
O N
5 S o NN N

400

r I — N w‘.I.IIII.III:. B N N N N N NI N N N, P -~ =)
Z%ll’ _Fﬂlllllllllllqll ?

| 'To) O




Sheet 9 of 10

Jul. 10, 2007

U.S. Patent

////

US 7,240,734 B2

— 0

VMwW##ﬂﬂﬁﬁﬂﬂﬂ 111ﬂhﬂ""ﬂhh%§§7!ﬂ!ﬂ!ﬁly/\

26 adnc =
111....!UUUV!VVM. hﬂﬁl\\\iihvv.ﬂiar/ PERES !

_i

_I__- E

Q)
-
.S
S
-
) 3
o~ 0 O
-~ & QR&K e <
M~ _ —
7 LNNJ_\\\;_\\S
ﬁ\‘ lF ffflaﬂf NS “

rlG.




US 7,240,734 B2

-
-
0O

- M o = m © N <t .
- X e d AR = I g DR o e—
S ,\n&@?’ﬁﬁfﬂﬂ%ﬁﬁﬂ:ﬁﬁﬂﬁﬁﬂﬁﬁﬂ%&mﬂiﬂiﬁh
B -

m...w .
7

T TH % :

._

= I _______ _ -“-
= RN
m e -
= S
= ¥ o

FIG.

U.S. Patent



Us 7,240,734 B2

1

SYSTEM AND METHOD FOR FAIL-SAFE
DISCONNECT FROM A SUBSEA WELL

This application 1s a divisional of U.S. application Ser.
No. 10/189,889 filed Jul. 3, 2002. The disclosure of the prior
application 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present mnvention relates to systems and methods for
controlled disconnect of a surface vessel from a subsea well,
and more particularly, to such a system and method that
prevents release of fluids from the conduit 1nto the sea when
the conduit 1s disconnected.

2. Description of Related Art

In operations such as well testing, clean-up, perforating,
or other similar operations, a vessel at the sea surface 1s
connected to the wellhead by both a riser and a tubular
working string. The position of the vessel 1s controlled so
that the vessel resides over the wellhead to maintain the
connection. If the vessel must move away or drive-ofl from
the subsea well, the connection between the vessel and the
subsea well must be severed to prevent damaging the vessel,
the working string, and the riser. Additionally, the well must
be shut-in to prevent a blowout of well fluids, which
unfortunately, would be channeled up the riser towards the
vessel.

A drive-off may result from several situations. For
example, with a dynamically positioned vessel, one or more
components of the dynamic positioning system can mal-
function and cause the relative position of the vessel and
well to suddenly change. A vessel that 1s held in place by
tensioned cables may be propelled away from the well it one
of the tensioned cables breaks. Also, the drive-ofl may be
intentional, for example, to avoid a bad weather system.

In conventional systems, the wellhead provides a profile
that receives a tubing hanger. The tubing hanger, 1n turn,
supports the working string. The working string may incor-
porate a retainer valve above a subsea test tree that 1s
actuable to allow or prevent flow through the working string.
A blow-out preventer (BOP) stack 1s provided on the casing
at the wellhead, and 1s actuable to seal the annulus between
the working string and the casing.

In normal operations, fluid 1s communicated between the
vessel and well through the working string. The annulus
between the working string and the casing 1s sealed by a
packer. In the event of a drive-ofl, the working string 1s
separated at the wellhead, and the BOP stack seals the
annulus. The working string above the wellhead or subsea
test tree can then be pulled from the riser, and the working
string below the wellhead or subsea test tree 1s supported 1n
the well by the tubing hanger.

More recently, however, well systems have incorporated
a continuous diameter casing and riser with the BOP stack
positioned either near the vessel or intermediate the vessel
and the sea floor. With such systems, a conventional working
string configuration as described above cannot be used,
because there 1s no profile for the tubing hanger to engage
or BOP stack to 1solate the annulus at the seabed. Thus, 1n
operations, the entire working string 1s supported from the
vessel. In the event of a drive-ofl, the working string would
be pulled from the well as the vessel departs. If the working,
string were configured to separate, the lower portion of the
string would drop unsupported into the well, because there
1s no tubing hanger to provide vertical support. Additionally,
the BOP stack positioned near the vessel or intermediate the
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vessel and sea floor 1s above the usual point of separation at
the seabed. Consequently, 1f the work string 1s parted, the
entire volume of the riser above the seabed 1s exposed to
pressurized well eflluent which may be released to the
environment 11 the riser 1s parted or ruptures, alternatively,
released gas may evacuate the riser above the seabed and
expose 1t to high collapse pressures which may cause failure.

Therefore, there 1s a need for a system and method for use
in well operations that does not require the working string be
supported by a tubing hanger in the event of a drive-off or
other situation requiring separation of the working string.
Further, the system should seal the annulus between the
casing and the working string when the working string 1s
separated.

SUMMARY OF THE INVENTION

The present invention 1s drawn to a system and method of
disconnecting a conduit (e.g. working string) between a
surface vessel and a subsea well that mimimizes release of
fluids 1nto the seawater and that closes-in the well. In an
exemplary system, a first valve 1s provided in the upper
portion of the conduit and is actuable to a closed position
when the conduit separates to prevent fluid flow there-
through. A second valve 1s provided 1n the lower portion of
the conduit and 1s actuable to a closed position when the
conduit separates to prevent tluid flow therethrough. A well
engaging member 1s provided in the lower portion of the
conduit and 1s configured to engage the tubular member
encasing the well (e.g. the well casing) and support the lower
portion when the conduit separates.

The invention further encompasses a method of control-
lably separating a conduit into an upper portion and a lower
portion, wherein at least a length of the conduit 1s residing
in a tubular member, or casing, of a well. Except as
otherwise noted, the following steps can be performed 1n any
order or simultaneously. A valve above a point of separation
1s actuated to cease flow from an upper portion of the
conduit. A valve below the point of separation 1s actuated to
cease flow from a lower portion of the conduit. A gripping
member 1n the conduit 1s actuated to engage an mner surface
of the tubular member of the well and axially support the
lower portion of the conduit. A sealing member 1n the
conduit 1s actuated to seal an annulus between the tubular
member of the well and the conduit. The conduit 1s separated
at the point of separation, and the gripping member 1is
maintained 1n engagement with the inner surface of the
tubular member, and the sealing member 1s maintained
sealing the annulus between the tubular member of the well
and the conduit after separating the conduat.

An advantage of the system and method 1s that fluid 1n the
conduit, or working string, above the point of separation 1s
not released into the sea water.

Another advantage of the system and method 1s that a
blow-out preventer stack can be maintained at the vessel
while still retaining the ability to close-in the well near the
wellhead.

Another advantage of the invention 1s that the conduit, or
working string, can engage and seal with the casing at
several positions along the interior of the tubular member 1n
the well (or casing). This 1s advantageous in that the
invention can test an interval of the well, and be reset to test
another interval of the well, all in a single run-in.

Another advantage of the invention 1s that the hang off
tool provides a secondary annulus seal between the working
string and the casing, 1n addition to the seal made by the test
packer 1n the downhole assembly.
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Anther advantage of the invention 1s that actuation of the
device can be entirely mechanical, hydraulic and contained
within the tools themselves, therefore an umbilical line 1s not
required.

These and other advantages will be apparent from the
following drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the method and appa-
ratus of the imvention may be obtained by reference to the
following detailed description when taken in conjunction
with the accompanying drawings wherein:

FIG. 1A 1s a schematic elevational view of an exemplary
subsea safety system constructed in accordance with the
invention used 1n a well testing system having a blowout
preventer stack near the vessel;

FIG. 1B 1s a schematic elevational view of the exemplary
subsea safety system of FIG. 1A depicting the upper portion
of the working string separated from the lower portion of the
working string and the hang-off tool engaging the casing;

FIG. 2 1s a schematic elevational view of an exemplary
subsea safety system constructed in accordance with the
invention used 1 a well testing system having a blowout
preventer stack near the sea tloor;

FIG. 3 1s a schematic elevational view of an exemplary
subsea safety system constructed in accordance with the
invention used 1 a well testing system having a blowout
preventer stack intermediate the vessel and the sea floor;

FIG. 4A 1s a partial side cross-sectional view of a portion
of an exemplary working string in accordance with the
invention;

FIG. 4B 1s a partial side cross-section view of a portion of
an alternate exemplary working string in accordance with
the 1nvention;

FIG. 5 1s a partial side cross-sectional view of an exem-
plary retainer valve for use 1n the subsea safety system of
FIGS. 4A and 4B;

FIG. 6 15 a partial side cross-sectional view of an exem-
plary unlatch tool for 1in the subsea safety system of FIGS.
4A and 4B;

FIG. 7 1s a partial side cross-sectional view of an exem-
plary bypass delay tool for use 1in the subsea safety system
of FIGS. 4A and 4B;

FIG. 8 15 a partial side cross-sectional view of an exem-
plary hang-ofl tool for in the subsea safety system of FIGS.
4A and 4B; and

FIG. 9 15 a partial side cross-sectional view of an exem-
plary shut-in valve for use 1n the subsea safety system of

FIGS. 4A and 4B.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS OF THE
INVENTION

Referring first to FIG. 1A, a vessel 10 1s shown at the sea
surface 12. The vessel 10 1s positioned over a subsea
wellhead 14. Although, depicted in FIG. 1A as a semi-
submersible vessel, the vessel 10 can be of any type, for
example but 1n no means by limitation, a vessel that is
moored to the sea floor or a floating, dynamaically positioned
vessel. Wellhead 14 supports a tubular casing 16 that
depends downward into the well. A niser 18 joins to the
casing 16 at the wellhead 14, and extends upward to the
vessel 10. A working string 20 comprised of several diflerent
components depends downward from the vessel 10, through
riser 18 and casing 16 and into the well 14. The working
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4

string 20 communicates fluid between the vessel 10 and the
well 14, and riser 18 acts as a protective housing around the
working string 20.

One or more blowout preventers form a blowout preven-
ter (BOP) stack 22 1n the riser 18. The BOP stack 22 can be
positioned near the vessel 10 (FIG. 1A), near the wellhead
14 (FIG. 2), or at a point intermediate of the wellhead 14 and
vessel 10 (FIG. 3). Typically, 1n a configuration as seen in
FIG. 1A, the casing and riser are of the same diameter. The
configurations shown i FIGS. 2 and 3, generally have a
change 1n diameter at the BOP stack 22 suitable for engage-
ment by a tubing hanger. The present system can be used
with any of the configurations show in FIGS. 1-3.

Referring to FIG. 1A, a safety system constructed in
accordance with the invention enables controlled separation
of the vessel 10 from the wellhead 14. The satety system of
the mvention 1s comprised of several components for car-
rying out functions of the system, and are hereimafter
described as individual components. While the components
are described apart from one another, 1t 1s to be understood,
that one or more of the components can be combined or
integrated to form a single device that performs more than
one of the functions of the system.

The unlatch tool 28 can be configured to separate 1n a
non-destructive manner as 1s depicted in FIG. 1B. In addi-
tion, the unlatch tool 28 can be configured to be reconnected
without substantial outside intervention. With such an
unlatch tool 28, the upper portion of the working string 20a
can be reconnected to the lower portion of the working string
205, and the unlatch tool 28 reset retain the working string
20 as a single unit until the break tension 1s exceeded again.
The ability to reconnect the unlatch tool 28 is helpitul,
because otherwise the lower portion of the working string
206 must be retrieved from the wellhead 14 after separation
and a new working string 20 remade.

—

The unlatch tool 28 can be configured to separate in a
non-destructive manner. In addition, the unlatch tool 28 can
be configured to be reconnected without substantial outside
intervention. With such an unlatch tool 28, the upper portion
of the working string 20a can be reconnected to the lower
portion of the working string 205, and the unlatch tool 28
reset retain the working string 20 as a single unit until the
break tension 1s exceeded again. The ability to reconnect the
unlatch tool 28 1s helpiul, because otherwise the lower
portion of the working string 205 must be retrieved from the
wellhead 14 after separation and a new working string 20
remade.

In some configurations, the unlatch tool 28 can be change-
able between a set condition, where the break tension will
separate the tool 28, and an unset condition, where the break
tension will not separate the tool 28. Such an unset condition
aids 1n 1nstallation and retrieval of the tool, because the
operator need not worry that the working string 20 will
unintentionally separate. Once 1n place, the operator may
change the unlatch tool 28 to a set condition and the tool 28
will separate at the break tension.

The unlatch tool 28 may be actuable to separate 1n
response to a signal, thereby allowing the operator to cause
separation of the working string 20 on command. Other
devices 1n the working string 20 can be actuated using the
same or different signaling system as the unlatch tool 28.
Such a signal can be hydraulic, for example, hydraulic
pressure communicated through a signal line, mechanical,
for example, rotation, reciprocation, or other movement of
the working string, electrical through the wireline, and/or
acoustic, for example by downhole telemetry.
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A retainer valve 24 can be included 1n the working string
20 and positioned above the unlatch tool 28. The retainer
valve 24 1s a valve that 1s actuable between an open position
to allow flow through the working string 20 and a closed
position to substantially stop flow through the working 5
string 20. During normal operation of the working string 20,
the retainer valve 24 i1s maintained 1n an open position;
however, when the working string 20 1s separated below the
retainer valve 24, such as at the unlatch tool 28, the retainer
valve 24 1s actuated to a closed position. In the closed 10
position, tluid in the working string 20 above the retainer
valve 24 1s retained 1n the working string 20 and cannot flow
out into the sea water. Despite the obvious environmental
motivations for including a retainer valve 24 in the working,
string 20, such valve 24 serves an additional purpose, for 15
example, 11 the fluid 1n the working string 20 contains a high
portion of gas or 1s almost entirely gas. Without a retainer
valve 24, the gas 1s released into the annulus between the
riser 18 and the working string 20 when the working string
20 separates, and creates a pocket of low pressure 1n the 20
fluids that normally flow 1n the annulus. The low pressure
pocket causes the riser 18 to be susceptible to collapse from
the hydrostatic pressure of the seawater surrounding it.
Therefore, the retamner valve 24 may be omitted, for
example, 11 hydrostatic pressure 1s not an 1ssue or depending 25
on the specific application of the subsea salety system.

A hang-ofl tool 32 1s positioned below the unlatch tool 28
and 1s actuable to engage the inner diameter of the casing 16
or riser 18 to thereby support the lower portion of the
working string 206 that would remain 1n the wellhead 14 30
alter separation of the unlatch tool 28. Unlike a tubing
hanger that engages a profile 1n the casing 16, and thus can
only engage the casing 16 where the profile 1s provided, the
hang-ofl tool 32 of the present invention can be configured
to engage the casing 16 or riser 18 at any point, for example 35
with slips. The hang-off tool’s 32 engagement of the casing,

16 or riser 18 can be bi-directional, meaning that 1t engages
the casing 16 and supports against both the downward pull
from the weight of the lower portion of the working string
206 and an upward pull from the upper portion of the 40
working string 20a when tension 1s applied. The bi-direc-
tional nature ensures that the lower portion of the working
string 206 1s not pulled from the wellhead 14 1n a drive-oft
situation when the vessel 10 moves away from the wellhead
14. Alternately, or 1n addition to the engagement abilities 45
described above, the hang-ofl tool 32 can be configured to
engage a profile i the well.

In addition to engaging the casing 16 or riser 18, the
hang-ofl tool 32 can be actuable to seal against the inner
diameter of the casing 16 or riser 18 to thereby seal the 50
annulus between the working string 20 and the casing 16.
The hang-off tool 32 can be configured to seal against
pressure acting either side of the seal (i.e. bi-directional), for
example, pressure from within the well and pressure from
above the seal. Sealing the annulus prevents release of fluids 55
in the well 14 into the seawater. Unlike a tubing hanger that
engages and seals against a profile 1n the casing 16, the
hang-oil tool 32 1s configured to seal at any point in the
casing 16 or riser. In a system where one or more of the
components 1n the working string 20 are hydraulically 60
actuated, the hang-off tool 32 will have provisions to trans-
mit a hydraulic actuation signal therethrough. Thus, during
normal operations and in the event of a drive-off, the
hang-ofl tool 32 can be actuated to seal against the casing 16
and hydraulic signals can continue to be transmitted through 65
the hang-ofl tool 32 to components beneath the hang-off tool

32.
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A shut-1n valve 34 1s included 1n the working string 20 and
positioned below the hang-oil tool 32. Optionally, the shut-
in valve 34 can be positioned above the hang-ofl tool 32 and
below the unlatch tool 28 (FIG. 4B). The shut-in valve 34 1s
actuable between an open position to allow tlow through the
working string 20 and a closed position to substantially stop
flow through the working string 20. During normal opera-
tion, the shut-in valve 34 1s maintained 1n an open position
to allow flow through the working string 20; however, when
the working string 20 1s separated above the shut-in valve
34, the shut-in valve 34 1s actuated to a closed position and
operates to prevent the release fluid 1n the working string 20
into the seawater.

As shown in FIG. 2, the subsea safety system of the
present invention can be used 1n a conventional well opera-
tions configuration where the well has a tubing hanger
profile at the wellhead 14. The working string 20 need not
be supported by a tubing hanger, as was prior practice, but
rather can be supported by the hang-ofl tool 32 as described
above. FI1G. 2 depicts the BOP stack 22 at the wellhead 14.
The hang-off tool 32 1s positioned below the BOP stack 22
to engage and seal against the casing 16, while the unlatch
tool 28 1s positioned to separate the working string 20 above
the BOP stack 22. If the point of separation 1s above the BOP
stack 22, the BOP stack can seal the annulus between the
working string 20 and the casing 16.

Retferring to FIG. 3, the subsea safety system of the
present invention can be used 1 a well operations configu-
ration where the casing 16 1s of a smaller diameter than the
riser 18, but having the BOP stack 22 intermediate the
wellhead 14 and the vessel 10. The working string 20 need
not be supported by a tubmg hanger, but rather can be
supported by the hang-ofl tool 32 as described above. FIG.
3 additionally depicts a riser release mechanism 40 at the
BOP stack 22, that enables the portion of riser 18 above the
BOP stack 22 to be separated and remain with the vessel
when subjected to a predetermined tension, for example, in
the event of a drive-ofl. Such a release mechanism 40 1s well
known 1n the art.

Turning now to the operation of a subsea safety system
constructed 1n accordance with the mvention, and referring
to FIGS. 1-3, the working string 20, including the compo-
nents described above, 1s run into the well through riser 18
and casing 16. It the unlatch tool 28 1s changeable between
a set and unset condition as described above, the unlatch tool
28 1s run nto the well 1 an unset condition to prevent
unintentional separation. Thereafter, the unlatch tool 28 1s
actuated to the set condition to enable the unlatch tool 28 to
separate when subjected to the break tension. Once the
working string 20 has been run to a desired depth, the
hang-ofl tool 32 can be actuated to engage and seal against
the casing 16 and well operations can be conducted.

When the vessel 10 needs to be quickly released from the
wellhead 14, for example, in the event of a unintentional
drive-ofl or an intentional disconnect, the shut-in valve 34 1s
actuated from an open position to a closed position to stop
flow of fluids from the lower portion of the working string
20b6. The retainer valve 24 1s also actuated from an open
position to a closed position to stop flow of fluids from the
upper portion of the workmg string 20a. If not already
actuated, the hang- ' tool 32 15 actuated to engage and seal
against the casing 16. The break tension of the unlatch tool
28 15 exceeded as the vessel 12 drives off from the wellhead
and separates the working string 20 1nto an upper portion
20q and a lower portion 2056. The bi-directional engagement
of the hang-off tool 32 on the casing 16 prevents upward
movement of the working string 20 as the vessel 10 applies
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tension through the working string 20 to the unlatch tool 28.
Alternately, the unlatch tool 28 can be signaled to separate
without the tension 1n the working string 20 exceeding the
break tension. The steps of actuating the retainer valve 24
and the shut-in valve 34 can be performed substantially
simultaneously, and can be performed before the separation
of the unlock tool 28.

After separation, the upper portion of the working string
20a 1s pulled from the riser 18 as the vessel 10 departs from
the well. The lower portion of the working string 205
remains in the well supported by the hang-off tool 32, and
no tubing hanger 1s required. The hang-off tool 32 seals the
annulus between the working string and the casing 16, while
the shut-in valve 34 prevents fluid from escaping from the
working string 20. Thus, the well 14 1s completely shut-in
without the use of the BOP stack. Any fluid in the upper
portion of the working string 20q 1s retained by the retainer
valve 24, and the release of fluuds into the sea water 1s
minimized.

If the unlatch tool 28 1s configured to be reconnected, the
vessel can be repositioned over the well 14 and the upper
portion of the working string 20q 1s inserted back into the
riser 18 and stabbed into the lower portion of the working,
string 2056. Thereatter, the unlatch tool 28 1s reconnected and
reset to separate upon reoccurrence ol the break tension.

One aspect of the mvention beyond the controlled sepa-
ration sequence described above, 1s that the hang-off tool 32
can be actuated to engage and seal at various axial positions
in the casing 16 and riser 18. Thus, the hang-oil tool 32 can
be used to test the casing 16 and riser 18 at diflerent depths
by engaging and sealing the hang-off tool 32 at various
depths within the casing 16 and riser 18 and pressurizing the
casing 16 or riser 18 below the seal. In a system that supports
the working string 20 on a tubing hanger, this 1s not possible
because the tubing hanger supports the working string 20
only at one depth 1n the casing 16, 1.e. from a profile 1n the
casing. When the hang-ofl tool 32 i1s combined with an
additional packer 36 (and optionally a tester valve 38), the
hang-ofl tool 32 can be used to test intervals of the casing 16
and riser 18 between the hang-ofl tool 32 and the packer 36.
For example, the hang-ofl tool 32 can be actuated to engage
and seal against the casing 16. Then, the well 1s pressurized
and the packer 36 set to lock the pressure into the interval.
Also, multiple hang-off tools 32 can be included in the
string, for example to test multiple intervals of the well
simultaneously.

It 1s also important to note that the sealing capability of
the hang-ofl tool 32 can be omitted depending on the specific
application. For example, 1 a packer 36 1s provided 1n the
working string, the packer 36 can be actuated to seal the
annulus between the working string 20 and the casing 16.
Provision of sealing capabilities in the hang-ofl tool 32
would then be secondary to the seal made by the packer 36,
or 1f a secondary seal 1s not desired, the hang-ofl tool 32 seal
can be omitted. Also, additional packers 36 can be provided
in the working string 20, for example, for additional back-up
sealing.

Referring now to FIG. 4A, a portion of an exemplary
working string 400A 1s shown 1n more detail. The working
string 400 A 1ncludes a retainer valve 500, positioned above
the unlatch tool 600, a hydraulic bypass 700, a hang-off tool
800 below the unlatch tool 600, and a shut-in valve 900
below the unlatch tool 600 and the hang-off tool 800. The
order of the components 1n the working string 400A can be
modified depending on the configuration of the well. FIG.
4B shows a modified exemplary working string 400B where
the hang-off tool 800 1s at the lowest point 1n the string
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400B. This increases the distance between the unlatch tool
600 and the hang-ofl tool 800 for situations such as in FIG.
2, where the unlatch tool 600 and hang-off tool 800 span a
BOP stack. Thus, the unlatch tool 600 can be positioned such
that the BOP stack can seal against the portion of working
string remaining aiter separation while the hang-ofl tool 800
engages the casing below the BOP stack.

A shear joint 450 may optionally be included in the
working string 400A, 4008 together with shear rams (not
specifically shown) in the riser or casing. The shear rams are
cutting devices actuable to cut though the riser and working
string 400A, and the shear joint 450 1s a portion of tubing,
preferably without any mechanical operation, that 1s con-
figured to be sheared by the shear rams. The provision of
shear rams and a shear joint 450 1n the working string 400A,
400B provides an additional mechanism by which the work-
ing string 400A, 4008 can be separated.

Referring to FIGS. 5-9, components of the exemplary
system of FIGS. 4A and 4B are described 1n detail. Specifi-
cally, with respect to FIG. 5 an exemplary upper retainer
valve 500 1s shown. The upper retainer valve 500 1s con-
figured for inclusion in the working string 400. A hydraulic
passage 510, that receives hydraulic pressure through an
umbilical 512, allows fluild communication across the
retainer valve 500 and supplies hydraulic pressure to actuate
the valve 500. A moveable central body 514 1s retained 1n an
exterior housing 516 for axial reciprocating movement
therein. The central body 514 1s coupled to a valve mecha-
nism 518 changeable between an open position allowing
fluud flow through the retainer valve 500 and a closed
position preventing fluid flow through the retainer valve
500. Axial movement of the central body 514 from an upper
position to a lower position changes the valve mechanism
518 from a closed to an open position, respectively. In an
exemplary embodiment, the valve mechanism 518 1s a
spherical ball with a central passage. FIG. 5 shows the valve
mechanism 518 1n an open position (1.e. the passage 1n the
ball 1s aligned with the axis of the valve 500 and central body
514 1s 1n the lower position). Thus, upward movement of the
body 514 from that shown in FIG. 5 tends to rotate the ball
of valve mechanism 518 to the closed position (i1.e. where
the passage 1n the ball 1s not aligned with the axis of the
valve 500). The central body 3514 1s sealed against the
exterior housing 516 to create a hydraulic chamber 520 1n
communication with the hydraulic passage 510. The hydrau-
lic chamber 520 1s configured such that hydraulic pressure
applied into the chamber 520 forces the central body 514
downward from the upper position to the lower position to
actuate the valve mechanism 518 open. A return spring 522
1s positioned opposite the hydraulic chamber 520 bearing
against the central body 514 and exterior housing 516 to bias
the central body 514 to the upper position. The return spring
522 thus biases valve mechanism 518 1n an closed position.
Therefore, to actuate the retainer valve 500 open, hydraulic
pressure 1s applied through passage 510, and to actuate the
retainer valve 500 closed, hydraulic pressure 1s released.
Additionally, hydraulic pressure 1s communicated across the
retainer valve 500 through passage 510 to components of the
working string 400 below.

Referring to FIG. 6, an exemplary unlatch tool 600 1s
depicted. Unlatch tool 600 1s configured for inclusion in the
working string 400. A hydraulic passage 610 receives
hydraulic pressure from the retainer valve 500 (FIG. 5) and
allows fluid communication around the unlatch tool 600.
The unlatch tool 600 1s changeable between a set and an
unset condition by application of a given torque to the tool
600. In the unset condition seen in FIG. 6, the tool 600
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responds as a solid joint of tubing, and 1n the set condition
the tool 600 will predictably separate at a given point when
subjected to a predetermined break tension. Accordingly, the
unlatch tool 600 has an outer unlatch housing 614 that
slidably receives an inner unlatch body 616. The outer
unlatch housing 614 1s fixed to the working string 400 below
the unlatch tool 600 and the inner unlatch body 616 1s fixed
to the working string 400 above the unlatch tool 600, such
that 11 otherwise unrestrained, torque applied through the
working string 400 from the surface would cause the inner
unlatch body 616 to rotate in relation to the outer unlatch
housing 614. In the unset condition, where the unlatch tool
600 acts as a continuous piece of tubing, a lock ring 618
carried by the mner unlatch body 616 threadably engages,
with screw threads 624, corresponding screw threads 626 in
the outer unlatch housing 614. The lock ring 618 holds the
iner unlatch body 616 and the outer unlatch housing 614 1n
substantially rigid relation. When torque 1s applied between
the outer unlatch housing 614 and the inner unlatch body
616, the lock ring 618 threadably disengages from the outer
unlatch housing 614 allowing relative sliding movement
between the outer unlatch housing 614 and the inner unlatch
body 616 (1.c¢. the set condition).

Screw threads 624 can be biased to ratchet over the
corresponding threads 626 when the unlatch body 616 1is
moved inward ito the outer unlatch housing 614, and
engage the corresponding threads 626 when the unlatch
body 616 1s moved outward. Such biased threads 624
cnables the screw threads 624 to be positioned 1n engage-
ment with the corresponding threads 626 (and the unlatch
tool 600 placed 1n an unset condition) simply by moving the
unlatch body 616 into the outer unlatch housing 614, rather
than by threading the unlatch body 616 into the outer unlatch
housing 614. However, to disengage the screw threads 624
from corresponding threads 626 (and place the unlatch tool
600 1n a set condition), the threads must be unscrewed from
one another.

The outer unlatch housing 614 has an inwardly extending,
stub 620 that 1s positioned to diametrically interfere with a
collet assembly 622 carried by the inner unlatch body 616,
and axially positioned to abut the collet assembly 622 when
the unlatch tool 600 1s 1n a set condition. Thus, when the
locking ring 618 1s disengaged from the outer unlatch
housing 614, and the inner unlatch body 616 can slide
axially relative to the outer unlatch housing 614, the body
616 and housing 614 are retained together by collet assem-
bly 622. The collet assembly 622 1s radially inwardly
flexible, and 1s configured to support a load up to the break
tension applied through the stub 620 when the unlatch tool
600 1s 1n a set condition. However, when the break tension
1s reached, the collet assembly 622 1s configured to flex
inward and allow the stub 620 to pass. In other words, when
the break tension 1s applied to the unlatch tool 600 1n a set
condition, collet assembly 622 will flex mmward and allow
stub 620 to pass. Thereatter, the inner unlatch body 616 can
then be pulled and separated from the outer unlatch housing
614. Tension less than the break tension applied to the
unlatch tool 600 1n a set condition will be supported by the
collet assembly 622 against the stub 620, thus maintaining
the outer unlatch housing 614 and inner unlatch body 616
connected and the unlatch tool 600 together. The leading
edge 628 of collet assembly 622 1s tapered so that the collet
assembly 622 will easily flex inward and pass the stub 620
when the mner unlatch body 616 1s inserted into the outer
unlatch housing 614.

The hydraulic passage 610 passes through both the outer
unlatch housing 614 and the mner unlatch body 616, such
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that when the unlatch tool 600 separates, the hydraulic
pressure 1n the passage 610 1s released to the seawater. With
the outer unlatch housing 614 and the mner unlatch body
616 connected, however, the hydraulic passage 610 1s con-
tinuous.

The unlatch tool 600 can be changed from an unset
condition to a set condition, separated, and rejoined to be 1n
an unset condition in the following manner. From an unset
condition, torque 1s applied through the unlatch tool 600 to
rotate the inner unlatch body 616 relative to the outer unlatch
housing 614. The torque causes lock ring 618 to threadably
disengage from the outer unlatch housing 614, and thereby
change the unlatch tool 600 to a set condition. In the set
condition, a light tension can be applied through the tool 600
to hold collet assembly 622 1n abutting relation to stub 620.
If the break tension 1s exceeded, the collet assembly 622 will
pass stub 620 and the unlatch tool 600 can separate. To
re-join the unlatch tool 600, the inner unlatch body 616 1s
stabbed 1nto the outer unlatch housing 614. As the inner
unlatch body 616 1s stabbed into the outer unlatch housing
614, the tapered leading edge of collet assembly 622 wedges
collet assembly 622 inward to allow relative easy passage of
stub 620, and the screw threads 624 of lock ring 618 waill
ratchet over corresponding threads 626 of the outer unlatch
housing 614. When the nner unlatch body 616 1s stabbed
substantially fully into the outer unlatch housing 614, screw
threads 624 are substantially fully engaged in the corre-
sponding threads 262 and the collet assembly 622 1s set over
the stub 620. Thus, the unlatch tool 600 1s returned to an
unset condition.

Referring to FIG. 7, an exemplary bypass delay tool 700
1s depicted. The bypass delay tool 700 has a hydraulic
passage 710 that receives hydraulic pressure from the
hydraulic passage of another work string component, and
allows communication of hydraulic pressure around the
bypass delay tool 700. The bypass delay tool 700, however,
operates to maintain hydraulic pressure below the bypass
tool 700 for a given period of time, herein referred to the
time delay, when hydraulic pressure above the bypass tool
700 1s released (1.e. when the unlatch tool 600 separates). As
will be seen from the discussion below, maintaining pressure
in the hydraulic passages below the bypass tool 700 is
important so that the shut-in valve 900 remains open to
maintain pressure in the interior of the working string 400 to
maintain components such as additional packer or valve
below the bypass tool 700 in operation during the time delay.

The bypass delay tool 700 has an outer bypass housing
712 and 1nner body 714 that slidably receive a bypass piston
716 therebetween. The bypass piston 716 1s sealed internally
against the outer bypass housing 712 and the inner body 714
thereby forming a hydraulic chamber 718 between the
housing 712, body 714 and the piston 716. The chamber 718
1s 1n communication with the hydraulic fluid passage 710.
Bypass piston 716 forms a secondary chamber 720 opposite
the first chamber 718. The secondary chamber 720 contains
a pressurized gas and a diaphragm 722. The pressure in the
secondary chamber 720 1s such that 11 pressure in first
chamber 718 1s reduced, the pressure 1n the secondary
chamber 720 forces the bypass piston 716 to reduce the
volume of the first chamber 718 and force hydraulic fluid out
of the first chamber 718 into the hydraulic passage 410. The
reduction of volume in the first chamber 718 serves to
maintain pressure in the hydraulic passage 710. The dia-
phragm 722 1s provided to help control the rate at which the
pressurized gas in the secondary chamber 720 expands,
thereby delaying decay of pressure in the secondary cham-
ber 720. The pressure of the compressible gas in the sec-
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ondary chamber 720 1s chosen together with the stroke of the
bypass piston 716 and diaphragm 722 to provide hydraulic
pressure below the bypass hydraulic chamber 416 for the
time delay. After the time delay, hydraulic passage 71
closes off to prevent passage of fluid through the bypass
delay tool 700.

FIG. 8 depicts an exemplary hang-oil tool 800. The
hang-ofl tool 800 has a hydraulic passage 810 that receives
hydraulic pressure from the hydraulic passage of another
working string component, and allows passage of hydraulic
pressure around the hang-oif tool 800. The hang-ofl tool 800
has a first set of slips 812 oriented to engage the casing or
riser and prevent downward movement of the hang-oif tool
800. The hang-oil tool 800 has a second set of slips 814
oriented to engage the casing or riser and prevent upward
movement of the hang-off tool 800. A slip actuation sleeve
816 resides beneath the second set of slips 814 and has
outwardly protruding sloped ridges 818 that correspond to
the 1inner surface of the slips 814. The slips 812, 814 and slip
actuation sleeve 816 are substantially coaxial about an 1inner
body 820. The sloped ridges 818 together with the inner
surface of the second set of slips 814 are configured such
that when the slip actuation sleeve 816 1s moved axially
upward 1n relation to the slips 814, the sloped ridges 818
torce the upwardly engaging slips 814 to expand radially
outward and into engagement with the casing or riser.
Tension 1n the working string 400 draws the working string
400 (and sleeve 816) upward relative to the slips 814,
torcing the slips 814 into harder engagement with the casing
or riser. In other words, the slips 814 are configured to be self
energizing once in engagement with the casing or riser.

Additional sloped ridges 832 are provided beneath the
first set of slips 812 and configured such that downward
movement of the ridges 832 relative to the slips 812 forces
slips 812 to expand radially outward and into engagement
with the casing or riser. Once engaging the casing or riser,
the slips 812 will be forced 1nto harder engagement with the
casing or riser as the weight of the string 400 pulls down-
ward. The slips 812 are configured to be self energizing once
in engagement with the casing or riser. Further, the provision
of slips 812 and 814 enables the hang-oil tool 800 to engage
the casing or riser at virtually any axial position, rather than
just at a profile like a tubing hanger, because the slips 812
and 814 can grip the continuous, smooth inner casing or riser
surface. In other words, the slips 812, 814 can engage the
well at a location independent of the profile of 1ts inner
surface.

Elastomeric packer seals 822 are provided on the inner
body 820 between the slip actuation sleeve 816 and a packer
actuation sleeve 824. The packer actuation sleeve 824 1is
coupled to a piston 826 that reciprocates axially on the inner
body 820 imn a chamber 828 formed between an outer
housing 830 and the inner body 820. The chamber 828 1s in
communication with the interior of the working string 400,
so that pressure applied through the working string 400
pressurizes the chamber 828. When the chamber 828 1s
pressurized, the piston 826 moves toward the packer seals
822 forcing the packer actuation sleeve 824 to axially
compress the packer seals 822. As the packer seals 822 are
compressed axially, they deflect radially outward and into
sealing contact with the casing or riser. Additionally, the
upward force on the packer seals 822 and packer actuation
sleeve 824, provides an upward force on the slip actuation
sleeve 816 thereby actuating the slips 812, 814. Thus, to
actuate the hang-ofl tool 800 to seal and engage the casing
or riser, pressure in the working string 400 1s increased to
actuate the slips 812, 814 and packer seals 822 into engage-
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ment with the casing or riser. Also, because of the specific
configuration of the packer actuation sleeve 824, slip actua-
tion sleeve 824 and inner body 820, such the packer seals
822 form a bi-directional seal.

Piston 826 frictionally engages a portion of outer housing,
830, for example with a ridged surface (not specifically
shown), that tends to retain piston 826 in an actuated state
(1.e. axially compressing packers 822 and with slips 812 and
814 radially extended). Therefore, if pressure 1s released
from the interior of the working string 400, the slips 812 and
814 and packers 822 continue to engage and seal against the
casing or riser, because the piston 826 1s frictionally held 1n

place. Piston 826 can be reset, and slips 812, 814 and
packers 822 disengaged from the casing or riser by reducing
the pressure within 1n the working string 400 and applying
an over pull tension to the string 400. Such an over pull
tension will overcome the 1frictional engagement of the
piston 826 with the outer housing 830, and allow the slips
812, 814 and packers 822 to return to a radially retracted
position. The over pull tension need not be higher than the
break tension of the unlatch tool 600, because 1n a drive off
condition, pressure 1s generally maintained in the working
string 400 to energize the piston 826 as the unlatch tool 600
separates. Additionally, 1t may be desirable to change the
unlatch tool 600 to the unset condition before applying the
over pull tension to guard against unintended separation of
the unlatch tool 600.

With respect to FIG. 9 an exemplary shut-in valve 900 1s
shown. The shut-in valve 900 1s configured for inclusion 1n
the working string 400. A hydraulic passage 910, that
receives hydraulic pressure from the hydraulic passage of
another working string component, allows fluid communi-
cation across the shut-in valve 900 and supplies hydraulic
pressure to actuate the valve 900. A moveable central body
914 is retained 1n a exterior housing 916 for axial recipro-
cating movement therein. The central body 914 1s coupled to
a valve mechanism 918 changeable between an open posi-
tion allowing fluid tlow through the shut-in valve 900 and a
closed position preventing flmd flow through the shut-in
valve 900. Axial movement of the central body 914 from an
upper position to a lower position changes the valve mecha-
nism 918 from an open to a closed position. In an exemplary
embodiment, the valve mechanism 918 1s a spherical ball
with a central passage. FIG. 9 shows the valve mechanism
918 1n an open position (1.¢. the passage 1n the ball 1s aligned
with the axis of the valve 900 and the central body 914 1s 1n
the upper position). Thus, downward movement of the body
914 tends to rotate the ball of valve mechanism 918 to the
closed position (1.e. where the passage in the ball 1s not
aligned with the axis of the valve 900). The central body 914
1s sealed against the exterior housing 916 to create a hydrau-
lic chamber 920 1n commumnication with the hydraulic pas-
sage 910. The hydraulic chamber 920 1s configured such that
hydraulic pressure applied into the chamber 920 forces the
central body 914 upward from the lower position to the
upper position to actuate the valve mechanism 918 open. A
return spring 922 1s opposite the hydraulic chamber 920
bearing against the central body 914 and exterior housing
916 to bias the central body 914 to the downward position.
The return spring 922 thus biases valve mechamism 918 1n
an closed position. Therefore, to actuate the shut-in valve
900 open, hydraulic pressure 1s applied through passage 910,
and to actuate the shut-in valve 900 closed, hydraulic
pressure 1s released. Additionally, hydraulic pressure 1s
communicated across the shut-in valve 900 through passage
910 to components of the working string 400 below.
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In operation, the working string 400 1s imnserted into a riser
as discussed with respect to FIGS. 1-3 with the unlatch tool
600 1n the unset condition (1.e. with lock ring 618 threadably
engaging the outer unlatch housing 614). Pressure within the
working string 1s modulated to engage and seal the hang-oil
tool 800 with the interior of the casing or riser. Because the
hang-ofl tool 800 uses slips 812, 814 to engage the casing or
riser, and does not engage a profile in the casing as would a
tubing hanger, the hang-oil tool 800 can be engaged and seal
at virtually any point in the casing or riser. When the
hang-ofl tool 800 1s engaged to support the working string,
400 at a desired height, the working string 400 1s rotated to
change the unlatch tool 600 to the set condition (i1.e. with
lock ring 618 disengaged from the outer unlatch housing
614) and a light tension 1s applied through the working string
400. Pressure through the hydraulic passages 1s modulated
to maintain the retainer valve 500 and shut-in valve 900
open to allow fluid flow through the working string 400.

When the vessel drives-off from the well, tension 1is
increased through the working string 400 as weight of the
working string 400 and the slips 812 of the hang-oil tool 800
resist the vessel’s upward pull on the working string 400.
When the tension exceeds the break tension, unlatch tool
600 separates as collet assembly 622 flexes mmward and
passes stub 620. The working string 400 above the unlatch
tool 600 1s pulled from the riser. The working string 400
below the unlatch tool 600 1s supported by the slips 814 in
hang-oil tool 800. At the same time, the hydraulic passage
610 1n the unlatch tool 600 1s opened to the sea water and
pressure 1s released from the respective hydraulic passages
of each of the working string 400 components. Release of
pressure 1n hydraulic passage 510 of the retainer valve 500
allows spring 522 to actuate the valve mechamsm 518 to a
closed position and minimize the release of fluids in the
working string above the retainer valve 500 into the secawa-
ter. The bypass delay tool 700, however, maintains pressure
in the hydraulic passages below the bypass tool 700 for a
given delay time. Pressure in the hydraulic passages, spe-
cifically hydraulic passage 910 of the shut-in valve 900,
maintains the shut-in valve 900 open during the delay time
allowing pressure from the well to continue to actuate the
hang-oil tool 800 to engage and seal against the casing. As
the weight of the working string 400 below the bypass tool
700 comes to be tully supported by the hang-oil tool 800, the
slips 812 engage the riser and support the remaining portion
of the working string. After the delay time, the shut-in valve
900 closes.

It 1s 1important to note that while the system and methods
described herein have been discussed in the context of a
deep water subsea well, the invention 1s equally applicable
to a shallow water underwater well and or a well on land.
Operation of the devices and the configuration of the work-
ing string would be stmilar to that described above, although
the specific application may allow for differences from the
system described above. For example, when the system 1s
used 1n a shallow water underwater well, a retainer valve
(c.g. retainer valve 24 or 500) can be omitted from the
system, because there 1s less hydrostatic pressure from the
water on the rniser and thus less 1ssue of riser collapse.
Likewise, when the system 1s used with a well on land, the
retainer valve can be omitted, because there 1s no riser. In
either case, land or shallow water, however, the retainer
valve can be included for other reasons (e.g. environmental
concerns).

Although several exemplary embodiments of the methods
and systems of the invention have been illustrated in the
accompanying drawings and described in the foregoing

5

10

15

20

25

30

35

40

45

50

55

60

65

14

description, 1t will be understood that the mvention 1s not
limited to the embodiments disclosed, but 1s capable of
numerous rearrangements, modifications and substations
without departing from the spirit and scope of the invention
as defined 1n the following claims.

We claimed:

1. A device for axially supporting a tubing string in a
tubular well member, comprising:

a gripping member radially extendable into gripping
engagement with an interior surface of the tubular well
member to support the device from the tubular well
member; and

a signal delay assembly adapted to receive a signal at an
input, communicate the signal to an output, and main-
tain the signal at the output for a predetermined period
of time aifter the signal 1s ceased at the mput.

2. The device of claim 1 wherein the signal 1s hydraulic.

3. The device of claim 1 wherein the gripping member
comprises slips.

4. The device of claim 1 further comprising a sealing
member radially extendable into sealing contact with the
interior surface of the tubular well member to seal an
annulus between the device and the tubular well member.

5. The device of claim 4 wheremn the sealing member
comprises a packer.

6. The device of claim 1 wherein the gripping member
supports the device against loads 1n a first axial direction and
a second axial direction.

7. The device of claim 1 wherein hydraulic pressure 1n an
interior of the tubular body actuates the gripping member to
radially extend.

8. The device of claim 4 wherein hydraulic pressure 1n an
interior of the tubular body actuates the sealing member to
radially extend.

9. The device of claim 8 wherein the sealing member 1s
adapted to remain 1n sealing contact with the interior of the
tubular well member when hydraulic pressure 1s released in
the 1nterior of the tubular body.

10. The device of claim 7 wherein the gripping member
1s adapted to remain in gripping engagement with the
interior of the tubular well member when hydraulic pressure
1s released 1n the interior of the tubular body.

11. The device of claim 4 wherein the gripping member 1s
radially extended by actuating the sealing member to radi-
ally extend.

12. The device of claim 1 wherein the gripping member
1s adapted to be radially contacted from gripping engage-
ment with the interior surface of the tubular well member
and re-extended into gripping engagement with the interior
surface of the tubular well member.

13. The device of claim 12 wherein the gripping member
1s adapted to be re-extended into gripping engagement at a
different axial position 1n the tubular well member than 1t
was previously grippingly engaging.

14. The device of claim 1 wherein the gripping member
1s adapted to make gripping engagement with the interior of
the tubular well member at a location independent of a
profile of the interior surface.

15. The device of claim 1 wherein a length of the interior
of the tubular well member 1s substantially continuous, and
wherein the gripping member 1s adapted to make gripping
engagement with the interior of the tubular well member at
any location within the length.

16. The device of claim 1 further comprising a sealing
member radially extendable into sealing contact, with the
interior surface of the tubular well member to seal an
annulus between the device and the tubular well member.
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17. The device of claim 4 further comprising a hydraulic
passage adapted to communicate fluid between a first loca-
tion on a side of the sealing member and a second location
on an opposing side of the sealing member when the sealing
member 1s 1n sealing contact with the interior surface of the
tubular well member.

18. The device of claim 1 wherein after the signal delay,
the signal delay assembly prevents tlow between the input
and the output.

19. A Method, comprising:

gripping an interior of a well bore with a downhole

assembly;

receiving a signal at an input of the downhole assembly;

outputting the signal at an output of the down hole

assembly; and

maintaining outputting the signal at the output for a

specified period of time after the signal 1s ceased at the
input.

10
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20. The method of claim 19 wherein the signal 1s a
hydraulic signal.

21. The method of claimed 20 further comprising sub-
stantially sealing an annulus between the downhole assem-
bly and a wall of the well bore.

22. The method of claim 20 wherein the downhole
assembly 1s part of a string and the method further com-
prising separating an upper portion of the string from a lower
potion of the string containing the downhole assembly while
the downhole assembly 1s residing 1n the well bore.

23. The method of claim 22 wherein the separating 1s 1n
response to a specified tension applied to the string.

24. The method of claim 22 further comprising substan-

tially sealing against passage of flow through an interior of
the string 1n response to cessation of the signal at the output.
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